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A good semitransparent photocathode should be 'very t h i n  t o  
Fernit  escape of a large fraction of the electrons set  i n  Kotion 
by the incident light. I I n  addition, a good cathode shouid be 
suff ic ient ly  th ick  t o  absorS mos?; of the incident light. 
was *gun in March of l964. to  d e t e r n e  whether these apparently 
contradictory requirements COLLIE be harmonized without s a c r y i c i n g  
the high electron coliection efficiency and other favorable features  
of coment ional  end -window photomultiplier tubes . 1, 
- 
A study - -- 
Vwious schemes were used 20 -mss the  l i g h t  through the cathode 
One of the two o r  more times by means of t o t a l  in te rna l  ref lect ion.  
s iq2ler  arrangements is  shown schematically i n  Fig 1. A Dmont 
6292 photomultiplier tube, 5.06-CR diameter with S-11 cathode, w a s  
used f o r  experine3ts. 
g lass  st,ructure t o  the  tube fwe t o  accept l i g h t  equally at d i f fe ren t  
direct ions from the normal. 
thickness, approxhately 3 mm was cut from one of the edges of a 
g lass  quarter c i r c l e  of 12-mm thickness and 18-m radius. 
resul t ing glass  chip w a s  placed in opt ica l  contact with the tube 
face so t h a t  the  chip together with the tube face approxizzted a 
I 
It w a s  desired t o  add the quarter-circle 
I 
To compensate f o r  the tube window 
The 
quadrant, as indicated 
P 
i n  the figure- A 3-mm diameter beam of 
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l i gh t  normal t o  the curved surface of the quadrant s tnick the 
photocathode near the center of the end window. The same snaU 
incaadescent filament bulb w a s  used for white light, blue l igh t  
(Corning 5-59 f i l t e r ,  3600 5 h 2 5200 A) and red light (Corning 
2-62 f i l t e r ,  h 2 6000 A ) .  A different dynode supply voltage w a s  
used w i t h  each color so t h a t  the photoml t ip l ie r  output currents 
were of the same order of magnitude. The experimental data  have 
been normalized t o  unity at 8 = 0' f o r  each color. 
A t  near normal incidence some of the l i gh t  passed through 
the  cathode down into the tube, and the  sinall peak at 25O is  a 
r e su l t  of ref lect ion of sow of t h i s  light from part  of the tube 
structure.  Near e = 41° t%al internal re f lec t ion  occurred at  
the cathode -vacuum interface an? sens i t iv i ty  increased abruptiy . 
This angle i s  determined by the index of rer 'ractior of the  glass  
m d  i s  independent cf that of the cathode material. 
the acreased  sens i t iv i ty  w a s  observe? t o  d b i n i s h ,  p r e s m b l y  
For 8 2 50' 
Sue f,c re f lec t icn  at the glass-cathode interface.  
;- predictior, of the fraction of the incident l i gh t  h t e m a l i y  
ref lected at the cathode-vacuum interface has been ncrmalized t o  the  
blue-light data at 
l ine  i n  Fig. lj w a s  f i t t e d  t o  the data  a t  
6 = 0'. The predicted curve, shown as a solid 
The dotted 8 = 45'. 
l i ne  i s  also theore t ica l  acrid i s  based on the var ia t ion w i t h  angle 
of both the  ref lect ion coefficient at the  glass-cathode interface,  
and tne number of "bounces" before the light reaches the  edge of 
the tube. Uncertainties in t h i s  calculation permit more than t'ne 
. 
observed difference between prediction and data.  Eowever , it does 
% 
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give an indication of l igh t  loss at the  side w a l l  of the  photomulti- 
p l i e r  as a function of irxident l i gh t  angle. 
which could diminish sensi t ivi ty  as i3 increases i s  the  dependence 
of electron collection efficiency on position of e lectroa emission. 
Another mechanism 
A s  expected, the re lat ive hc rease  in sens i t iv i ty  is  greater 
f o r  red l i gh t  than f o r  blue l ight .  
the  Cesium-Antimony cathode transmits red l igh t  more r e d i l y l  
and usually wastes a higher proportion of the red than of t h e  blue 
l ight .  , Although substant ia l  increases in sens i t iv i ty  are thus 
This is  due t o  the  f ac t  that 
- 
shown t o  be possible fo r  existing tube types, even greater 
increases should be possible by makbg special  tubes with u l t r a -  
: thin cathodes and using t o t a l  internal  ref lect ioo and multiple 
passes t o  maximize absorption of the  l i gh t .  
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Figure T i t l e  
Fig. 1.- Variation of photomultiplier response with angle of 
incident light. 
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